This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 




I 



(12) 



EuropSisches Patentamt 
European Patent Office 
Office europ^endes brevets (11) EP 0 431 924 B1 

EUROPEAN PATE^fT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
31.01.1996 Bulletin 1996/05 

(21) Application number: 90313220.7 

(22) Date of filing: 05.1 2.1 990 



(51) intci.^: B29C 39/42, B29C 67/24, 
B29C 67/02 



(54) Three-dimensional printing techniques 

Dreidimensionale Drudctechniken 
Techniques cf impression tri-dimensionnelle 



CD 
CM 

o> 

CO 



LU 



(84) Designated Contracting States: 
DE PR GB rr SE 

(30) Priority: 08.12.1989 US 447677 

(43) Date of publication of application: 
12.06.1991 Bulletin 1991/24 

(73) Proprietor: MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 
Cambridge, IMA 02139 (US) 

(72) Inventors: 

• Sachs, Emanuel M. 
Somerviiie, Massachusetts 02144 (US) 



* Haggerty, John S. 

Lincoln, Massachusetts 01773 (US) 

* Cima, Michael J. 

Lexington, Massachusetts 02173 (US) 

* WiDiams, Paul A. 

Concord, Massachusetts 01742 (US) 

(74) Representative: Bass, John Henton et al 
London WCIX 8PL (GB) 



(56) References cited: 
WO-A-90/03893 
US-A-4 247508 



DE-A- 2 263 777 
US-A-4 863 538 



Note: Within nine months from the putslication of the mention of the grant of the European patent any person. may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of oppositipn shaQJ^ filed in 
a written reasoned statement K shaD not be deemed to have been filed until ttie opposition f e e hfiis be en paid.' (Art/ 
99(1) European Patent Convention). . , , ' . • " ' ' ' • ^^^"^^/^^^ST'"- 



Printed by RanK Xaraoc (UK) Busbiess Services 
'2.B.7J3A 



1 



EP0 431 924 B1 



2 



Description 
Introduction 

This invention relates generally to the manufacture s 
of tooling and prototype parts and, more particularly, to 
the use of three-dimensional printing techniques using 
computer models therefor. 

Backoround of the Inventinn ,0 

Two needs in providing effective industrial produc- 
tivity and competitiveness lie in the reduction in time 
required to bring new products to the marketplace and 
the need for providing for flexible manufacture of prod- is 
ucts in small quantities. Thus, it is desirable to provide 
f^x^tK KM! * icii Willi a 1 1 III III I icu ifivesimem in tool- 
ing. Techniques for doing so should have the ability to 
tailor designs to specf ic tasks, to shorten the cycle time 
from design to manufacturing, and/or to manufacture in 20 
very small lot sizes, as low as a single component all at 
reasonable cost. A major contributor to the time required 
to bring new products to market is the time required to 
fabricate functioning prototypes. Rapid prototyping can 
shorten the product development cycle and improve the 25 
design process by providing rapid and effective feedback 
to the designer. Moreover, some applications require 
rapid prototyping of non-functional . parts for use in 
assessing the aesthetic aspects of a design orthefit and 
assembly thereof. 30 

Another major contributor to the time to bring a prod- 
uct to market is the time required to develop tooling, such 
as molds and dies. For some types of tooling, such as 
injection molding dies, the turnaround time fbrthedesign 
and fabrication of a tool routinely extends to several 35 
months. The long lead times are due to the fact that tool- 
ing is often one of a kind and can be extremely complex, 
requiring a great deal of human attention to detail. Thus, 
tooling not only affects lead time, but also manufacturing 
costs as well. In fact, tooling costs often determine the 4o 
minimum economic batch size for a ^ven process. Pro- 
totyping requirements, tooling lead time, and tooling cost 
are related in that it is the combination of long lead times 
and high cost which make it impractical to fabricate pre- 
production prototypes by the same process that will be 45 
used in production. 

In the past several years, there has been consider- 
able interest in developing computerized, three-dimen- 
sional printing techniques, sometimes referred to as 
"desktop manufacturing" techniques where no tooling is 
required. One such system is known, the SLA 1 System, 
made and sold by 3D Systems. Inc. of Valencia, Califor- 
nia. This system operates on a principle called stereo- 
lithography wherein a focused iiltrai-violet (UV) laser is 
vector scanned over the top of a bath of a photopolym- 
erizable liquid polymer plastic materialJ. Jhe UV laser" 
causes the bath to polymerize where the laser beam 
strikes tiie surface of the bath, resulting in the creation 
of a first solid plastic layer at and just below the.surfaca. 



The solid layer is then lowered into the bath and the laser 
generated polymerization process is repeated for the 
generation of the next layer, and so on. until a plurality 
of superimposed layers forming the desired part is 
obtained. The most recently created layer in each case 
is always lowered to a position for the creation of the next 
layer slightiy below the surface of tiie liquid bath. 

An altemative approach, sometimes called Selec- 
tive Laser Sintering (SLS) has also been proposed by 
DTM Corporation of Austin, Texas. In such system, and 
also cBsclosed in United States Patent US-A-4 863 538, 
a laser beam is used to sinter areas of a layer of loosely 
compacted plastic powder, tiie powder being applied 
layer by layer. The term "sintering" refers to the pmess 
by which particulates, such as powdered plastics, are 
caused to adhere into a solid mass by means of exter- 
nally applied energy A SLS system uses the optical 
energy supplied by a laser for such purpose. 

Thus, a thin layer of powder is spread evenly onto a 
flat surface with a roller mechanism. The thin powder sur- 
face is then raster-scanned with a high-power laser 
beam from above. The powder material that is struck by 
the laser beam is fused together. The areas not hit by 
the laser beam remain loose and fall from the part when 
it is removed from the system. Successive layers of pow- 
der are d^osited and raster-scanned, one on top of 
another, until an entire part is complete. Each layer is 
sintered deeply enough to bond it to the preceding layer. 
A similar laser sintering approach has been proposed by 
Hydronetics, Inc. of Chicago. Illinois. Another process 
suggested by the same company is designated as a 
Laminated Object Manufacturing (LOM) technique 
wherein thin metallic foil layers are cut out to appropriate 
shapes to fonn a part and the shaped layered pieces are 
laid one on top of the other and suitably bonded to form 
the part involved. 

Another process suggested for creating 3D models 
and prototypes, sometimes called Ballistic Particle Man- 
ufacturing (BPM). has been proposed by Automated 
Dynamic Corporation of Troy. NY This process uses an 
ink-^et printing technique wherein an ink-jet stream of liq- 
uid molten metal or a metal composite material is used 
to create three-dimensional objects under computer con- 
trol, similar to the way an ink-jet printer produces two- 
dimensional graphic printing . A meta l or metal com posite 
part is produced by ink-jet printing of sucbessive q-oss 
sections, one layer after another, to a target using a cold 
welding (i.e., rapid solidification) technique, which 
causes bonding between the particles and.the succes- 

50 sive layers. — * 1— — . 

Still janother technique." sometimes-called Photo- 
chemical MacTrining. propqsed^yTom 
Ca of BerMey. California.v^uses irtersecting^laser- " 
beams to selectively harden or soften a 
ss blocfc The larxlerlying mechani^^^ 
' chemical cip^^in Wng oEdegra^a^^ 

' . . ft is further i^owrvinjthe pri _ 
nent by a process comprising the^stepslcrfPSfe^^^ - - 
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a) depositing a layer of particulate material in a con- 
fined region; 

b) causing said layer of particulate material to 
become bonded at one or more selected regions; 

c) repeating steps (1) arxi (2) a selected number of 
times to produce a selected number of successive 
layers; and 

d) removing particulate material which is not at said 
one or more selected regions to provide the conrpo- 
nent 

Such a process arKi corresponding apparatus are dis* 
closed in Feygin's International Application published as 
wp-A-90A)3893, in wfhich a computer directed beam of 
concentrated energy or matter is used to cut. fuse or 
change the physiochemical properties of successive tl^n 
sheets of powder based materials to kxiild up the desired 
object 

In German Patent Specification DE-A-22 63 777 a 
process and apparatus for producing desired objects 
-from fusible materials Is disclosed, in which the material 
in the form of fine particles is brought into a thermal ray 
or rays having a very small or point focus whereby the 
particles are melted to fonm an agglomerated homoge- 
neous mass, the shape of wftich depends on movement 
of the focus. 

It is an object of this invention to devise a technique 
for providing such layered parts which will work satisfac- 
torily with ceramic or metal materials, or conrtbinations of 
such materisUs with each other or with other materials, 
but which will also work satisfactorily with plastic parti- 
cles or with other inorganic materials. Such a technique 
could be more universally employed for the manufacture 
of components from a larger variety of materials than the 
currentiy proposed techniques. 

Brief Summarv of the Invention 

The present invention is characterized In that a 
binder material is applied to selected regions of a porous 
layer of particulate material, and that the binder tx)nds 
the particulate material in the said selected re^ons and 
causes successivB layers to become bonded to each 
other. 

. The present invention correspondingly also provides 
a systeni for makirig a conr^ionent, comprising means for 
depositing a selected number of successive pdrous lay- 
ers of a particulate material, means for causing tiie par- 
ticulate .m aterial to become bonded at one or more 
-selected regions in-each layer to form said component . 

rneans for r emo ving particulate material which is not 
at said one .or more^selected regioris; chsuacterized in 
3fet~tii^6^ particulate material to 



r- —V^corne bond for applying a binder 

rir-^rmateniilloZsaidisd^ of- each successive 

^layer^afterg|^ch^^ has been deposited. 



JT^: • ^^^^In^aowb^ preferred embodiment of the 



e g- a powdered ceramic. 

^posited in 




sequential layers one on top of the other. Following the 
deposit of each layer of powdered material, a liquid 
birxjer material is selectively supplied to the layer of pow- 
dered material using an ink-jet printing technique in 

5 accordance v^h a computer model of the three-cfimen- 
sional part b»ng formed. Following the sequential appli- 
cation of all of the required powder layers and binder 
material to form the part in question, the unbound pow- 
der is appropriately removed, resulting in the formation 

10 of the desired threeKiimensional part. It is found that 
such technique permits complex metal, ceranriic, or 
metal-ceramic conposite parts to be effectively formed 
. with a very high degree of resolution in a reasonably 
short time period. 

15 Such technique should be particulariy useful, for 
example, in providing for the rapid production of molds 
for metal casting and the rapid formation of pre-forms for 
metal matrix composites. Such technique can also be 
used with plastic materials to form plastic components 

20 or parts for various purposes. 

The invention can be described in more detail with 
25 the help of the accompanying drawings wherein 

FIG. 1 shows an isometric view of one particular 

embodiment of the invention; 

FIG. 2 shows diagrammatic views of different stages 

30 in fornvng a part in accordance witii the invention; 

FIG. 3, 4 arxJ 5 show various exenplary techrvques 
for setting the powder particles by applying mechan- 
ical vibrations and acoustic energy thereto; 
FIG. 6 shows exemplary stages in the use of a drop- 

35 piston device for depositing powder particles in 
accordance with the invention; 
FIGS. 7 and 8 show diagramatic views of the forma- 
tion of a part having reentrant features; 
FIG. 9 shows a block diagram of an exemplary sys- 

40 tern which can t>e used in practicing the invention; 

FIG. 1 0 shows an exemplary flow chart of the steps 
used in the system of FIG. 8 to practice the invention. 
FIGS. 1 1 and 12 show isometric views of an exem- 
plary 3-D model and the 2-D slices thereof, respec- 

45 tively, of a part to be formed in accordance wnth the 
invention; and . . " 

FIG. 1 3 shows a plan view of the 1 -D line segments 
of a 2-D slice of the model shown in FIGS. 1 1 and 1 2. 

50 - Onep€trticular embodiment of theinventionisshown 
in FIG. 1 which depicts an apparatus 10 for fomung a 
ceramic mold having six cavities 12A-12F which can be. 
used for casting six substantially identical parts. A pow- 
der dispersion head 13 is driven reciprocally in a shuttie 
- 55 motion along the length of the mold being formed. A suit- 
able linear stuping motor assembly 1 8 can be used for 
moving the pcswder distribution head 13 and the binder 
' deposition head 15 (discussed below). The povydered 
m^rial, e.g., a cerarivc powder, is 5^spensed n aeon- 
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fined region, e.g..defffiedbyaform 14. the powder being 
dispensed in a line as the dispensing head 1 3 is moved 
in discrete steps along the mold length to form a relatively 
loose layer thereof having a typical thickness of about 
100-200 microns, for example. While the material is s 
described here as a powdered material, in some appli- 
cations it can be distributed in the form of ftoers, for 
example. For convenience in describing the invention, 
the term powder material will be coristrued to include 
fiber material. The stepping motor can be moved at such io 
high speeds that the motion of the head 1 3 will effectively 
be continuous in nature. Alternatively, the motor may be 
one which inherently provides a continuous motion, such 
as a servo-controlled motor. An initial layer is dispersed 
at tiie bottom of the form 1 4 and each subsequent layer t5 
is dispersed sequentially on the preceding layer. 

An inkwpt print head 15 having s plurMlltj' of ink^jot 
dispensers is also driven by the stepping motor assembly 
in the same reciprocal manner so as to follow the motion 
of the powder head and to selectively produce jets of a 20 
liquid binder material at selected regions 16 which rep- 
resent the walls of each cavity, thereby causing the pow- 
dered material at such regions to become bonded. The 
binder jets are dispensed along a line of the printhead 
1 5 which is moved in substantially the same manner as 25 
the dispensing head 13 of tiie powder material, i.e.. by a 
high speed stepping operation or by a continuous servo 
motor operation, in each case providing effectively con- 
tinuous movement of head 15 as discussed above with 
reference to head 13. Typical binder droplet sizes are 30 
about 15-50 microns, for example. The powderA)irKier 
layer fonming process is repeated so as to build up the 
mold parts layer by layer. , 

Adiagiam showing a part being fabricated in accord- 
ance with the invention is depicted in FIG, 2 wf^ch dia- 35 
grammatically depicts the flow thereof. For a part 40 in 
question a layer of powder is deposited from a powder 
dispenang head 41 into a form 42 over a previously 
fbrmed layer which has already had binder material 
deposited ttiefeirr(/grA layer of binder material is then 40 
printed onto the powder layer from binding jet head 43 
to form the next layer 44 of bonded powder artides.(B). 
Such operation is repeated for each subsequent layer. 
An exemplary intermediate stage of the formation of part 
40 is s hown at (C). When the final bonded layer is printed 45 

shown at (D)T ©ccessTurConded powder is removed, 
the finally-formed part itself being depicted at (E). 

While.the layers.become hardened or at least par- 
tially hardened as of Ihejayers is laid down, once 
the desired iinal part configuration is achieved and the so 
layering process fencompleted. in some applications it 
may be durable tf^tfie form and its contents be heated 
or cured Sa suitabi^selert^^ ^ 
mote bilging ^bf thetpowdertparticles^ In either case, 
whether a furtfier cunngnsroE& not required, the loos^ 55 
unbonded^wder;!^ 17 (FIG. 1), - 

arjB remcftred^isihg^pS^^techni^ such as ultra- " " 
sonic deanijig, forj^OT^jDjj^ ;so^^ part 
for use-Tr^ 



For effective use, the powder particles should be uni- 
formly deposited at a relatively high rate, ttie rate being 
selected in accordance with the application for which the 
technique is used. For many useful applications the pow- 
der particles can preferably be packed at relatively high 
densities, while in other applications tiie density may be 
considerably lower where parts having greater porosity 
are desired. Known techniques used in the fields of col- 
loidal sdence and powder dispersion chemistry can be 
used to provide the desired uniform depositions of such 
powders at the required rates and densities. Thus, such 
powders can be dispensed either as dry powders or in a 
liquid vehicle, such as in a colloidal dispersant or in an 
aqueous suspension. In the dry state, the desired com- 
paction of partides can be achieved using mechanical 
vibrating corrpaction techniques or by applying acoustic 




deposited powder or by applying a piezoelectric scraper 
to the deposited powder. 

Such techniques are illustrated, for example, in 
FIGS. 3, 4 and 5. respectively. FIG. 3 shows form 14 
which is mechanically vibrated as shown by arrow 60 
using a vibrating transducer system 61 for settling the 
powder partides 62 therein. In FIG. 4 a acoustic trans- 
ducer system 63 is used to supply acoustic energy 64 to 
the surface layer of powder 62 for such purpose. In FIG. 
5 a vibrating tranducer system 65 is used to vibrate a 
piezoelectric scraper 66 as shown by arrow 67 as it 
moves in the exemplary direction of arrow 68 to settie 
the powder 62. 

The powder may also be deposited in a dry or in a 
wet form using a drop piston approach wherein a dry or 
moist powder is deposited on the top of a vertically nrx)v- 
abie piston and the piston is moved downwardly into a 
chamber, excess powder being scraped off witii a suita- 
ble scraper device. 

As shown in FIG. 6, a piston 70 hoWs the part 71 
shown as partially formed within a chamber 72 at dia- 
gram (A). In order to deposit a layer of powder, the piston 
is moved downwardly in the chamber, leaving a region 
in chamber 73 at the top thereof for deposition of powder 
partides at diagram (B). Powder particles 74 are depos- 
ited in such region and a doctor blade 75. for exanple, 
is used to scrape off excess powder at diagram (C). The 
part 71 having the newly deposited layer 76 of powder 
tiiereon is then ready for tfie application of binder mate- 
rial thereto at diagram (D). 

In general, it is found that larger partides, for exam- 
ple, of about 20 microns or greater in size, are preferably 
deposited in a dry state, while smaller particles, for 
example, of about 5 microns or smaller in size, can be 
deposited either in a dry state or in a wet state in a liquid 
vehida 

. .Colloidal dispersions of particles can be obtained in 
a nqliid vehide by tiie addition of chemical dispersants.'. 
The liquid iised in a wet powder dispersfon technique is 
removed, or partially, removed, before the next layer is 
deposited. Thus, such liquid is caused to ey^orale ^ap- 
idl y be fore the ink-jet birider printing occurs:?Such eivap- 
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oration can.be achieved, for example, by. using infra-red 
heating, hot air heating or microwave heating tech- 
niques. 

The ink-jet printing of the binder material should uti- 
lize droplets of materials the shrink characteristiqs of s 
which are selected so that the dimensional tolerances of 
the part being made are maintained upon hardening 
thereof. While the binder solution must have a relativeiy 
high binder content, the viscosity thereof should be low 
enough so as to be able to flow through the printing head 10 
for deposit into the powder material. The binder material 
should be selected to penetrate the layer and to perform 
its binding action relatively rapidly in each layer so that 
the next layer of powder particles can be subsequently 
applied thereto. When using certain ink-jet technology is 
the binder material may require at least a minimum elec- 
trical conductivity, particularly when using currently avail- 
afc)le continuous jet printing heads, for example, which 
require enough conductivity to establish charge on the 
binder solution droplets as they are emitted from the 20 
head. Where conductivity cannot be established. In the 
binder, as with certain organic solvents, for example, the 
binder can be appfied using drop-on-demand print 
heads. 

The binder material may be such that the txinded 25 
particles have a Ngh binding strength, as each layer is 
deposited so that, when all the layers have been tx^nded, 
the conrponent formed thereby is ready for use without 
further processing. In other cases, it may be desirable, 
or necessary, to perform further processing of the part 30 
For example, while the process may be such as to impart 
a reasonable strength to the component which is formed, 
once the part is formed it can be further heated or cured 
to further enhance the binding strength of the particles. 
The binder in some cases can be removed during such as 
heating or firing process, while in others it can remain in 
the material after firing. Which operation occurs depends 
on the particular binder material which has been 
selected for use and on the conditions, e.g. , tenperature, 
under which the heating or firing process is performed. 40 
Other post-processing operations may also be per- 
formed following tiie part formation. 

The ink-jet printing mechanisms that C2in be used 
are known to the art and normally are of two types, one 
being a continous jet stream print head and the other a 4S 
drop-on-demand stream print head. A high speed printer 
of the continous type, for example, is the Dpt.printer . „ _ 
made arxi sold by Diconix, Inc. of Dayton, Ohio,: which _ . 
has a line printing bar containing approxirhately 1500 jets 
which can deliver up to 60 million droplets per second in so 
a continous fashion and can print at speeds up to 900 
feet per nvnute. In such a system, the liquid material 
emerges continuously from each jet nozzle und& high ^ 
pressure, the jet stream then disintegrating into a train ~ 
of droplets, the direction of which is controlled by electric ss 

control signals. - ■■— " . 

. .V Drop<)n-demand systems, as now known to the art V > 
. generally i^e two droplet generation mechardsnis: .Orie"!^wcasa;a 
aj3proach uses a piezoelectric element, whichvin ^^one 



exemplary erhbodiment has the piezoelectric element 
attached to one wall of a liquid reservoir. A pulse applied 
to the piezoelectric element slightly changes the volume 
of the reservoir cavity and simultaneously induces a 
pressure wave in the liquid. Such operation causes a 
droplet of the Ik^uid to be ejected from a nozzle attached 
to the cavity. The cavity refills by capillary action. Another 
approach uses an evaporative bubble wherein a small 
resistive heater when actuated causes some of the liquid 
to evaporate so as to form a vapor Ixibble which In turn 
causes a small droplet of liqukJ to be ejected from the 
cavity. The cayity is tiien refQIed through capillary action. 
. In general, continuous jet technology provides higher 
droplet deposit rates than drop-on-demand technology. 

The continuous or drop-on-demand ink-jet heads 
may use, for example, a single jet, or an array of jets 
which are arranged to deposit the material in an effec- 
tively linear manner, or a combination of two or more rel- 
atively short, parallel arrays of jets arranged for parallel 
and effectively linear depositions thereof. 

The rate at which a ceramic, metal, plastic, or comr 
posite component can be made deperxis on the rates 
used to. deposit the powder and to supply the binder Gq- 
uid, and on the rate at which each bonded layer hardens 
as the layers are deposited one on the other. 

If a dry powder dispersion is utilized, the powder 
application step is less significant as a limiting factor in 
determing the overall printing rate. If powder dispersion 
in a liquid vehicle is used, however, the layer must be at 
least partially dry prior to the ink-jet application of the 
binder material. The drying time will depend on the spe- 
cific nature of the powder, birxier. and solvent used. 

The dimensions of the individual portions of the 
component b^g formed, sometimes referred to as the 
"feature" size thereof, is primarily dependent on the size 
of the binder droplets used, while the tolerance on such 
dimensions primarily depends on the degree of the 
reproducibility of the droplet spread characteristics of the 
binder material which Is utilized. 

Ink-jet printing of a liquid binder using currentiy 
known ink-jet devices can provide jet droplet sizes of as 
low as 15 microns, for exairple.. It is po^Osle that even 
smaller droplet sizes will be practical, with the lower limit 
on droplet size arising from surface energy considera- 
tions in the creation of new surface area and in the 
' increased likelihood of the clogging of small jets. 
^ ~ Ovetrall part tolerance will depend not only on drop 
spreading, kxit also on materisd shrinkage and the repro- 
. ducibility of shrinkage characteristics as well. As an 
example, if the bindery^xiwder combination shrinks by 
i% and the shrinkage is reproducible to within 5% of its 
nominal value of 1%, an overall variation due to shrink- 
2age3»nJlbe approxirnately 0.0005 Inches/inch. The 
actual shrinkage that occurs during binder curing or dep- 
osition is a relatively strong function of particle rear- 
rangement. Dimensional tolerance and particle packing 
: can be empiric^ly determined for the best results in each 
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Alumina, ztrconia. zircon (i.e., zirconium silicate), 
and silicon carbide are representative ceramic materials 
which can be bonded using the techniques of the inven- 
tion. Both natural and synthetic dispersants are available 
for these materials in organic vehicles. For example, alu- 
mina is very effectively dispersed by glyceride sur- 
factants in toluene/MEK solvents, as is used for casting 
thin sheets of particles in the production of dielectric sub- 
strates in the electronic packaging Industry. Silicwi car- 
bide, for example, can be easily dispersed in hexane if 
small amounts of OLOA 1200 (as obtained, for example, 
from Chevron Chemical Co. Oronite Additives DIv. of San 
Francisco, California) are present. OLOA is primarily 
used as an additive in crank case oil where it acts as a 
dispersant for metal particles produced by engine wear. 

Organic binders have been used in the ceramics 

inrlltstrv ami arotv/nir^allv/ nr>l\/marir* raeine rtKtairiArl 4 r-r\n% 

^ — — — — .^^..-.^.y f^'wy . xw* aw ■ waoiii* wai^iMi* IWM w« • I 

a variety of sources. They can be either water soluble, 
such as ceiluosic binders, as used in extrusion technol- 
ogy, or they can be soluble in only volatile organic sol- 
vents, such as the butyral resins, as used in tape casting 
technology. The latter water soluble systems can be 
removed relatively quickly and seem particulariy useful 
in the technique of the invention. Another type of organic 
binder would be a ceramic precursor material such as 
polycaibosiiazane. 

Inorganic binders are useful in cases where the 
binder is to be incorporated into the final component. 
Such binders are generally silicate based and are typi- 
cally formed from the polymerization of silidc ackl or its 
salts in aqueous solution. Another exemplary inorganic 
binder which can be used is TEOS (tetraethylorthosili- 
cate). During drying, the colloidal silica aggregates at the 
necks of the matrix particles to form a cement-like bond. 
During firing, the silica flows and acts to reanange the 
matrix particles through the action of surface tension 
forces and remains after firing. Soluble silicate materials 
have been \sse6 as binders in refractory castabie mate- 
rials, for example, and have the advantage, when used 
in the technique of the invention, of producing substan- 
tially the same type of molded refractory body that is 
used in the casting industry. 

In some applications, it may be preferable that the 
binder harden relatively rapidly upon being deposited so 
that the next layer of particles placed on a surface of the 
previous layer is not siAjject to particle rearrangement" 
due to capllary forces. Moreover, a hardened binder is 
not subject to contamination from solvents which may be . 
used in powder deposition. In ottier cases, it may not be 
necessary that the bindei' be folly hardened between lay- r 
ers and a subsequent layer of powder particles may bor 
deposited on a previous layer which is not yet fully hard- 
ened. ' . " ' 

Where hardening occurs at the time the birxJer is; 
deposited, thermal curing, i.e., es^oration of thebirider 
canier liquid, for such purpose wpuld generally require- 
that the component b^hg formoJ be warmed as the ' 
printing of the binder material is performed, wrtlelhe~ 
printhead ite<^ jg co oled so that unprinted binder mate- ^ 



rial in the reservoir of the ink-jet head retains its desired 
properties. Such hardening can be achieved by heating 
the binder material indirectiy, as by heating the overall 
apparatus in which the part is being formed using an 
5 appropriate external heat source, for example, or by 
heating the binder material directiy as by applying hot air 
to the binder material or by applying infra-red energy or 
microwave energy thereto. Alternalively, a variety of ther- 
mally activated chemical reactions could also be used to 
10 harden the binder. For exanrple, gelation of alkali silicate 
solutions can be made to occur by a change in pH 
acconpanying the decomposition of organic reagents. 
Thus, a mixture of alkali silicate and formarrude could be 
printed on to a hot component being formed. The rapid 
15 increase in temperature would greatiy increase the for- 
mamide decorrposition rate and, therefore, rapidly 

cally initiated techniques for hardening of the binder 
upon deposit tiiereof could be devised wittiin the skill of 
20 those in the art. 

While liquid and colloidal binder materials have been 
discussed above, in some applications binder material 
may be deposited in the form of binder particles 
entrained in a liquid. Such binder materials can be sup- 
25 plied via specially designed compound ink-jet structures 
capable of providing such entrained binder materials. An 
example of such a conposite structure is discussed, for 
exanple. in tiie article "Ink-Jet Printing," J. Heinzle and 
C.H. Hertz, Advances In Electronics and Electron Phys- 
io ics. Vol. 65. 

Moreover, in some applications in the fabrication of 
a part, the binder material which is used need not be a 
single binder material, but different binder materials can 
be used for different regions of the part bang formed, 
35 the different materials being suppBed by separate binder 
deposition heads. A dual head system is shown in FIG. 
2 wherein a second head 43A is depicted in phantom 
therein at (B). 

Many possible combinations of powder and binder 
40 materials can be selected in accodance with the Inven- 
tion. For example, ceramic powders or ceramic fibers can 
be used with either inorganic or organic binder materials 
or witii a metallic binder material; a metal powder can be 
used witii a metallic binder or a ceramic binder ; and a 

4S ^plastic powder can be used witii a solvent binder or a 

plal^ic biiiderv^TgT; a low vis^ 
— Ottier. appropriate-con^nations of powder and binder 

- materials will occur to those in the art for varfous appli- 
cation s. ^ _1 

so ~~ - One useful application of tiie. invention lies in the 
—printing of molds for metal casting, particularly when ttie 

^mold has a relaLtively complex configuration. Gurrentiy. 

, __LioSTipl©^ are made by lost-wax 

- casting.^or: inveistm casting. The process begins witti 
the fa6n(^tioir^of 'analurhihu^^ used to mold 

~^wy 1^ cast. The die is usually^ 

j2'lS2?^Si^£^^9b^® machirwig. Wax positives are 
r^fheriiriiad^Aa^^^ with wax 

- — ruriner:systemsjQ^ If the part is to have inter- 



11 



EP 0 431 924 B1 



12 



nal voids, a ceramic core is included in the wax positives. 
The tree is then dipped repeatedly into ceramic slurries 
with a drying cycle between each dipping operation. Fol- 
lowing a final dry, the wax is melted and burned out of 
the shell nrx>ki and the mold is finally ready for casting. 5 
In its basic form, such lost-wax casting. technique has 
long been used in the art. 

With the technique of the invention, a ceramic shell 
mold can be fabricated directly to its final shape with no 
wax positives needed at all. The internal cavities can be 10 
fabricated by leaving the binder material out of these 
areas. The loose, unjointed powder will then wash out of 
the mold through the same passageways that will later 
adnnit molten metal in the final mold. FIGS. 7 and 8 show 
diagrammatic views of the formation of a part having ys 
reentrant features. Thus, in FIG. 7, the binder material is 
printed at three selected regions 20, 21 and 22 for an 
irviial set of sequential layers, while, for a final set of 
sequential layers, the selected region 23 encompasses 
all three pre^ously formed regions as shown in FIG. 8. 20 
For the printing of molds, typicsU powder materials, as 
discussed above, might include alumina, silica, zirconia, 
and zircon, for example. A typiC€U binder would be colloi- 
dal silica. Moreover, the techniques of the invention can 
be used to form the cores only. 25 

When making mokJs with core regions, it may be 
advantageous to use one particular binder material for 
the main body of the mcM and a nfKxJif ied binder material . 
in the core regions thereof, the depositing of the binder 
at the core regions requiring the use of a second print- 30 
head, for example. The technique of the invention has at 
least two advantages over lost^wax techniques for the 
creation of nx>lds, one lying in the reduction in cost for 
small and nrxxierate batches of parts smd the other in the 
ability to produce a large variety of different molds and 35 
other parts with a relatively short turnaround time. 

A relatively simple example of a system for perforrh- 
ing the above powder distribution control operation and 
the nozzle control operation for the binder material is dis- 
cussed with reference to the block diagram of FIG. 9 and 40 
the flow chart of FIG. 10. As seen in FIG. 9, a microcom- 
puter 30 of any type which is usable for conventional 
computer-aided-design (CAD) operations, as would be 
well-known to the art can be suitably programmed for 
the purpose of the invention. The microcomputer 30 is 45 
used to create a three-dimensional (3-D} model of the 
component to be made using well-known CAD tech- 
niques. An exerrplary computerized 3-D model 50 is 
depicted in FIG. 1 1 . A slicing algorithm is used to identify 
selected successive slices, i.e., to provide data with so 
respect to selected 2-D layers, of the 3-D model 50 
beginning at a bottom layer or slice thereof, for example. 
Exennplary layers 51 of the model 50 are depicted in the. 

- exploded view of FIG. 1 2. The development of a specific 

' sfidng algorithm for such purpose is well within the skill ss 

- of those iri the art. - 

V ^r^Once a particular 2-D slice has been selected, the 
^educed to a series of one-dimensional (1 - 
D) scan lines ttie reof as depicted in the plan view of FlGi. 



1 3. The development of a suitable reducing algorithm for 
such purpose would also be weH within the skill of the 
art. Each of the scan lines 52 can comprise a single line 
segment (e.g., segment 53A of scan line 52A) or two or 
more shorter line segments. (e.g., segments 53B of scan 
line 52B), each line segment having a defined starting 
point on a scan line and a defined fine segment length. 
For example, the line segments 53B have starting points 
at xi arxi X2, respectively, as measured from a reference 
line 54, and lengtiis I1 and I2. respectively, as measured 
from their starting points xi and X2. 

The microcomputer 30 actuates the powder distri- 
bution operation when a particular 2-D slk:e of the 3-D 
model which has been created has been selected by 
supplying a powder "START" signal to a powder distribu- 
tion controller circuit 31 which is used to actuate a pow- 
der distribution system 32 to permit a layer of powder for 
the selected slice to be deposited as by a powder head 
device in a suitable manner as discussed above. For 
exarrple. the powder is deposited over the entire con- 
fined region within which the selected slice is located.' 
Once the powder is distributed, the operation of powder 
distribution controller is stopped when the rrticrocom- 
puter 30 issues a powder "STOP' signal signifying that 
powder distribution over such region has been com- 
pleted. 

Microcomputer 30 then selects a scan line, i.e., the 
first scan line of the selected 2-D sGce and then selects 
a line segment, e.g., the first 1-D line segment of the 
selected scan line and supplies data defining the starting 
point thereof and the length thereof to a binder jet nozzle 
control circuit 33. For simplicity in describing the opera- 
tion it is assumed that a single tender jet nozzle is used 
and that such nozzle scans the line segments of a sfioe 
in a manner such that the overall 2-D slice is scanned In 
a conventioncil raster scan (X-Y) operatim. When the 
real time position of the nozzle is at the starting point of 
the selected line segment the nozzle 35 is turned on at 
the start of the line segrrient and is tumed off at the end 
of the line segment in accordance with the defined start- 
ing point and length data supplied from computer 30 for 
that line segment. Each successive line segment is sim- 
ilariy scanned for the selected scan line arxi for each suc- 
cessive scan line of the selected slice in the same- 
manner. For such purpose, the nozzle earner system 
starts its motion with a scan "BEGIN" signal frorri micro^ 
computer 30 so that H is moved both in tiie X axis (the 
lasT axis) direction and in the Y axis (the "slow" axis)^ 
directioa Data as to the real time position of the nozzle 
carrier (and, hence. 'the nozzle) issupplied to the riozzle 
control circuit. When the complete slice -has - been . 
scanned, a scan "STOP" signal signifies an end of the . 
slice scan condition. . . 7~" '' '"-' ^ ' ~ 

As each line segment is scanned, a determination 
is made as to whether nozzle opeiaiioh has occurred foi- 
all line segments of a particular scan fine of the selected-.; 
slice. If not, the next line segment is scanned arid the 
nozzle control operation, for thai BnersegnSSrtjsFper£^ 
f6rhfied.Jyyhen nozzle operation for the final line segrrientx 
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of a particular scan line has been completed, a determi- 
nation is made as to whether the scan line involved is the 
final scan line of the selected slice. If not. the next scan 
line is selected and the scanning and nozzle control proc- 
ess for each successive line segment of such scan line 5 
of the slice is performed. When nozzle operation for the 
final scan line of a particular slice has been completed, 
a determination is then made as to whether such slice is 
the final slice of the overall 3-D model. If not the next 
slice is selected and the overall process for each line seg- 10 
ment of such scan line thereof is r^ected, including the 
powder deposition and nozzle binder deposition required 
for all the scan lines thereof. When the binder material 
has been supplied the final slice of the 3-D model, the 
operation is completed. 75 
The necessary programming required to implement 



10 using the ccmponsnts of PIO 



9 would be well within the skill of the art and need not be 
discussed in further detail. Such an approach can be 
used for a single nozzle as described above and can be 20 
- readily adapted for use wHh a binder head having multi- 
ple nozzles, e.g., an array of nozzles for providing an 
effective linear depbsiti on of binder material, or a plurality 
of relatively shorter, multiple arrays thereof. 

in addition to the alx>ve discussed embodiments of 25 
the invention, further variations or modifications of the 
techniques disclosed above will occur to those in the art 
For example, the binder, rather than being applied in a 
wet state, can be applied in a dry state using materials 
having a low meWng point so that, when applied and 30 
heated, the melted material penetrates the powder par- 
ticles and when hardened bonds them together. Further, 
two or more different types of powder particles can be 
applied via two or more separate powder dispersion 
heads so as to d^osit the different powders at different 3S 
regions of the part being formed. The powder at such 
regions can then be bonded using the same or different 
binder materials so that different physical characteristics 
can be obtained at such different regions. Other modifi- 
cations or extensions of the invention may occur to those 40 
in the art within the scope thereof. Hence, the invention 
is not to be construed as limited to the specific embodi- 
ments described above, except as defined by the 
app^ed claims. 

45 

Claims 

1 . A process for making a component comprising the 
steps of: 

50 

a) depositing a layer of particulate material in a 
confined region (Fig. 2(A)); 

b) causing said layer of particulate material to 
become bonded at one or more selected 
regions (Rg: 2(B)); 55 

c) repeating steps a) and b) a selected number 
of times to produoi a selected number of sue- . 

r ce^ive layers (R^. 2(C) and (D)); and 



d) removing particulate material which is not at 
said one or more selected regions to provide the 
conrponent (Fig. 2(E)); 

characterized in that a birKler material is 
applied to selected regions of a porous layer of par- 
ticulate material, and that the binder bonds the par- 
ticulate material in the said selected regions and 
causes successive layers to become tx>nded to 
each other. 

2. A process in accordance with daim 1 wherein dep- 
osition of the particulate material applied two or 
more different types of particulate material at differ- 
ent regions of the component being formed. 

3. A procsss in accordance with claini 1 or 2 wherein 
said particulate material is a ceramic, metallic, or 
plastic material and sakJ binder material is an inor- 
ganic material, an organic material, or a metallic 
material. 

4. A process in accordance with daim 1 or 3 wherein 
said particulate material is a ceramic and said binder 
material is a colloidal suspension of ceranvc parti- 
des. 

5. A process in accordance witii daim 1 or 2 wherein 
said particulate material is a ceramic powder or 
ceramic fiber and said binder material is an inorganic 
ceramic material, an organic ceramic precursor 
material, or a metallic material. 

6. Pi process in accordance with daim 1 or 2 wherein 
said particulate material is a metal powder and said 
binder material is a metallic or a ceramic material. 

7. A process in accordance with claims 1 or 2 wherein 
said particulate material is a plastic material and 
said binder material is a solvent for saki plastic mate- 
rial. 

8. A process in accordance with any of claims 1 to 7 
induding the step of further processing by heating 
or curing said bonded material to improve the prop- 
erties of the finished component ^ 



A process in accordance with daim 8 vi^erein said . 
further processing indudes the step of heating said 
selected number of successive layers of tx>nded 
material to further strengthen tiie bonding of said 
successive layers of bonded material. 



10. A process in accordance with any of daims 1 to 9 
wherein said particulate material is~depositecl in a^ 
- ; dry state. ~ " . " ' ~ 



11.* A process in accordance with damn 10 arxi.further 



induding the step pf vtorating th^^ 
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material to settle said materied as said layers thereof 
are deposited (Figs. 3-5). 

12. A process in accordance with claim 1 1 wherein said 
vbrating is performed by mechanical vibration of s 
said deposited particulate material (Fig. 3). by apply- 
ing acoustic energy to said deposited particulate 
material (Rg. 4), or by applying a piezoelectric 
scraper device to said deposited particulate material 
(Fig. 5). 10 

13. A process in accordance with any of claims 1 to 9. 
wherein said particulate material is deposited in a 
liquid vehicle and further including the step of at 
least partially drying the particulate material before is 
applying said birxier material. 

1 4. A process in accordance with claim 1 3 wherein said 
at least partial drying is performed by applying infra- 
red or hot air heat to said deposited layer of partic- 20 
ulate mmterial or by applying microwaves to said 
deposited layer of particulate material. 

1 5. A process in accordance with any of daims 1 0 to 1 4 
wherein the porosity of said conrponent is deter- 
rraned in accordance with the packing density of said 
particulate material. . _ 

16. A process in accordance with any of daims 1 to 15 
wherein said binder material is applied as a liqiid. 

1 7. A process in accordance with dalm 1 6 wherein said 
liquid is an aqueous solution or a colloidal suspen- 
sion. 

18. A process in accordance with daim 1 7 wherein said 
liquid comprises binder partides entrained in a car- 
rier liquid. 

19. A process in accordance with any of daims 1 to 18 
wherein said binder material corrprises at least two 
different birxier materials, said two different birxier 
materials being applied to at least two different 
selected regions of said particulate material (Fig. 
2(B)). 

20. A process in accordance with any of daims 1 to 19 
wherein said binder material is applied as one or 
more jet streams thereof. 

21 . Aprocess In accordance with daim 20 wherein each 
of said one or more jet streams of binder material is 
applied.s^.ajrorrtin^^ 

22. A process in accordance w'rth claim 20 where each 
T - of said one or more jet streanri^ is applied as a plu- 
r - rality of separate droplets thereof. 



23. A process in accordance with daim 20. 21 of 22 
wherein said binder material is applied as a single 
jet stream. 

24. A process in accordarx:e with daims 20. 21 or 22 
wherein a plurality of jet streams are applied in one 
or more linear arrays thereof (Fig. 1). 

25. A process in accordance with any of daims 1 to 24 
wherein said binder material is at least partially hard- 
ened after being applied. 

26. A process in accordance with daim 25 wherein said 
binder material is hardened by applying heat energy 
thereto. 

27. A process in accordance with daim 26 wherein said 
heat energy is applied as infra-red or microwave 
heat energy. 

28. A process in accordance with daim 27 wherein said 
birxier material is hcudened by chemical reaction. 

29. A process in accordance with claim 28 wherein the 
particles of said particulate material are covered 
with a coating material and said chemical reaction 
occurs between said binder material and said coat- 
ing material. 

30. A process in accordarx^ewitii daim 28 wherein said 
particulate material is deposited in a wet state and 
said chemical reaction occurs between said binder 
material and the liquid in said wet powdered mate- 
rial. 

31 . A process in accord£ux:e with daim 28 induding the 
step of supplying a gaseous material to said binder 
material, said binder material chemically reacting 
witii said gaseous material to fbnm a partially hard- 
ened binder material. 

32. A process in accordance with any of claims 1 to 31 
wherein said material which is removed is rerTX>ved 
ultrasonically. 

33. A process in accordarx^e with any of claims 1 to 32 
for making a mold haying re-entrant regions and one 
or more passagewvaysfbr the admission of nrralding 
material into said mold, wherein said binder material 
Is not applied to said re-entrant regions and 
unbonded particulate material is removed from said 
re-entrant regions via said passageways (Figs. 7, 8). 

34. A process in accordaru^e with daim 33 when said 
powder material is a ceramic powder material for 
forming a ceramic mold. 

35. A process In accordarx:e with daim 33 wherein said 
mold comprises a main body region and core 



30 
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regions, one type of further material being applied 
to fbrni said main body region arxi a different type 
of further material being applied to form said core 
regions. 

. 5 

36. A process in accordance with any of claims 1 to 32 
wherein said component is a mold. 

37. A system for making a component, comprising: 

means (1 3) for depositing a selected number io 
of successive porous layers of a particulate material: 

means (15) for causing the particulate mate- 
rial to become bonded at one or more selected 
regions in each layer to form said component; and 

means for removing particulate material 75 
which is not at said one or more selected regions; 

rharartoriyorj in *harf iho rrtganc /1 5\ fnr ^aijg. 

ing the particulate material to become bonded conv 
prises means for applying a binder material to said 
selected regions of each successive layer after each 20 
successive layer has been deposited. 



38. A system in accordance with daim 37 wherein said 
binder material applying means (15) includes 
means (43) for applying said material as one or more 
jet streams thereof. 

39. A system in accordance with daim 37 and further 
including means for further processing by heating or 
curing said bonded material to improve the proper- 
ties of the finished component 

40. A system in accordance with daim 39 wherein said 
means for further processing indudes means for 
heating said bonded material to further strengthen 
the bonding of said bonded material. 

41 . A system in accordance with daim 37 wherein said 
particulate material depositing means (13) deposits 
said material as a powder material in a dry state. 

42. A system in accordance with daim 41 and further 
including means (61) for mechanically vibrating said 
dry deposited powder material, for applying acoustic 
energy (63) to said deposited powder material or for 
applying a piezdelectricsa'ap^^evice (5^ to said 
deposited powder material. — — 

43. A system in accordancewith dairn 39 wherein said 
particulate material depositing means (13) deposits 
said materia] as a powder material in a lic^id state. 



material or for applying microwaves to said depos- 
ited layer of powder material. 

46. A system in accordance with any of daims 37 to 45 
and further inducfing means for at least partially 
hardening said binder material. 

47. A system in accordance with claim 46 wherein said 
hardening means includes means for applying heat 
energy to said binder material. 

48. A system in accordance with any of daims 37 to 47 
wherein said binder material applying means (43, 
43A) applies two different types of binder materials 
to different regions of said layers of particulate mate- 
rial. 

49. A system in accordance with claim 37 wherein said 
binder material applying means (15) applies said 
material using a continuous jet means or a drop-on- 
demand jet means. 

50. A system in accordance with claim 37 wherein said 
binder material applying means (15) is arranged to 

25 provide a relative movement of said applying means 
with respect to said successive layers of particulate 
material. 

51. A system in accordance with claim 37 wherein said 
30 binder material applying means (15) Is moved over 

said successive layers of particulate material in a 
selected pattern, said successive layers of particu- 
late material being maintained stationary. 

35 52. A system in accordance with claim 37 wherein said 
binder material applying means (15) is moved over 
said successive layers of particulate material in a 
raster scan pattern (Fig. 9). 

40 53. A system in accordance with claim 37 and further 
including; 

a chamber (72); 

a piston (70) movable in said chamber, said 
depositing means (13) depositing said successive 
45 layers of particulate material within a region defnned 
by tiie chamber and the piston; and 

means for moving said piston downwardly in 
said chamber after the depositing of each succes- 
sive layer of particulate material. 

50 



Patentanspruche 



44. A system in accordanoe with daim 43 andlfurther 1. Verfahren zur Herstellung eines Bauteils. umfas- 
including means for at leasjt partiafly drying tiie pow- send die Schritte: 

der material before appl^^rig fuilH^iratm ss 

31~r 7~"I~TT '^zi^'Z—'-z:^ \ (a) Ablagenni einer Schicht von F^rtikelmaterial 

45. A system in aorordanc^wjth dai m 44^^ in einem begrenzten Bereich (Fig. 2(A)); 
drying means indudes means fot^^ J 

9^ '??L?!I Jl®?!l?l?.^^^^ 
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(b) Veraniassen, da6 die Schicht von Partikel- 
material in einem oder mehFeren ausgewahiten 
Bereichen verbunden wird (Fig. 2(B)): 

(c) Wiederholen der Schritte (a) und (b) eine s 
ausgewdhlte Anzahl von Maien, um eine aus- 
gewahtte Anzahl von aufeinanderfolgenden 
Schichten herzustellen (Rg. 2(C) und (D)); und 

(d) Entfemen von Partikelmaterial, das nicht in io 
diesem einen oder mehreren Bereichen 1st, um 
das Bauteil zu schaffen (Fig. 2(E)); 

dadurch gekennzeichnet. daB ein Bindermaterial 
auf ausgewdhtte Bereiche einer pordsen Schicht is 
von Partikelmaterial aufgetragen wird und daB der 
Binder das Partikelmaterial in den ausgewahlten 
Bereichen bindet und verursacht daB aufeinander- 
folgende Schichten miteinander vertxjnden werden. 

20 

Verfahren nach Anspruch 1. bei welchem bei dem 
Ablagern des Partik^nrtaterials, das aufgetragen 
wird, zwei oder mehr verschiedene Arten von Par- 
tikelmaterial in unterschiedlichen Bereichen des 
Bauteils, das geformt wird. aufgetragen werden. 2S 

Verfahren nach Anspruch 1 oder 2, bei welchem das 
Partikelmaterial ein Keramik-, Metall- oder Kunstst- 
offmaterial ist und das Bindermaterial ein anorga- 
nisches Material, ein organisches Material oder ein 30 
metallisches Material ist. 

Verfahren nach Anspruch 1 oder 3. bei welchem das 
Partikelmaterial ein Keramikmaterial ist und das 
Bindermaterial eine kolloidale Suspension von 3S 
Keramikpartikeln ist. 

Verfahren nach Anspruch 1 oder 2, bei welchem das 
Partikelmaterial ein Keramikpulver oder Keramik- 
fasem ist und das Bindermaterial ein anorganisches 40 
Keramikmaterial, ein organisches Keramikvorldufer- 
material oder ein metsUiisches Material ist. 



9. Verfahren nach Anspruch 8, bei welchem die Weit- 
erbearbeitung den Schritt des Erwdrmens der aus- 
gewahlten Zahl von aufeinanderfolgenden 
Schichten von gebundenem Material zur weiteren 
Festigung der Verbindung der aufeinanderfolgen- 
den Schichten von gebundenem Material enthSIt 

10. Verfahi'en nach einem der Anspruche 1 bis 9. bei 
welchem das Partikelmaterial in trockenem Zustand 
abgelagert wird. 

11. Verfahren nach Anspruch 10 und waiter enthaltend 
den Schritt des RQttelns des trockenen Partikelma- 
terials. um das Material zu setzen, wenn die Schich- 
ten desselben at)gelagert werden (Fig. 3 bis 5). 

1Z Verfahren nach Anspruch 11 , bei welchem das Rut- 
teln durch mechanische Vibration des ak)gelagerten 
Partikelmaterials (Fig. 3). durch Anwenden von 
akustischer Energie auf das abgeiagerte Partikel- 
material (Fig. 4) Oder durch Anwenden einer piezoe- 
lektrischen AbstreHeinrichtung auf das abgeiagerte 
Partikelmaterial (Rg. 5) ausgefOhrt wird. 

13. Verfahren nach einem der AnsprQche 1 bis 9, bei. 
welchem das Partikelmaterial in einem flQssigen 
Trdgerstoff abgelagert wird urxi ferner enthattend 
den Schritt der wenigstens teilweisen Trocknung 
des Partikelmaterials vor dem Auftragen des Bind- 
ermaterials. 

14. Verfahrm nach Anspruch 13, bei welchem die 
wenigstens teiiweise Trocknung durch Anwenden 
von Infrarot- oder Wamfduftwdrme auf die ak>ge- 
lagerte Schicht von Partikelmaterial oder durch 
Anwenden von Mikrowellen auf die abgeiagerte 
Schicht von Partikelmaterial durchgefuhrt wird. 

15. Verfahren nach einem der AnsprQche 10 bis 14. bei 
welchem die Porositdt des Bauteils in Obereinstim- 
mung mit der Packungsdichte des Partikelmaterials 
bestimmt wird. 



Verfahren nach Anspruch 1 oder 2, bei welchem das 1 6. 
Partikelmaterial ein Metallpulver ist und das Binder- 4S 
material ein metallisches oder keramisches Material 
ist. 



7. VerfEihren nach Anspruch 1 oder 2, bei welchem das 
Partikelmaterial . ein Kunststoffmaterial ist und das 
Bindermaterial ein LOsungsmittel f Or das Kunststoff- 
material ist 



Verfahren. nach einem der AnsprQche 1 bis 15, bei 
welchem das Bindermaterial als eine FlOsagkeit 
aufgetragen wirdr "7 



17. Verfahren nach Anspruch 16, bei welchem die Rus- 
sigkeit eine w&sserige LOsung oder eine kolloidale 
-SO . -Suspensioh isL ZU L . 



Verfahren nach- einem :.der Anspruche 1 bis 7,_ . 
errthafterxJ den_Schritt der weiteren VeFEut>eitung _ ss 
des gd3undeneh Materials durch Erwarmen oder - 
Harten,: um die:Eigenschaften des f ertiggestellten 
Bauteils zu veibessem. 



1 8. Ver^hren nach Anspruch 1 7, bei welchem die RQs- 
sigkeit Binderp artik el umlaBt'die in einer Tragerf IQs- 

. -.sigkeitrTvtgerissen werden. . . 

19. Verfahren nach einem 1 bis 18. bet 
i welchenTdas BhrxJermaterisU wenigstens zwei ver- 
"schied wCBind^m umfaBt, welche zwei 

. ^verschiederienjBjii^ auf- wenigstens 
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zwei verschiedene ausgewShlte Ber^che des Par- 
tikelmaterials aufgetragen wenden (Rg. 2(B)). 

20. Verfahren nach einem der Anspruche 1 bis 19, bei 
wetchem das Bindermateiial als ein cider mehrere . s 
Strahlstrdme desselben aufgetragen wird. 

21. Verfahren nach Anspruch 20, bei welchem der 
Strahlslrom Oder jeder der mehreren StrahlstrOme 
des Bindermaterials als ein kontinuierlicher Strahl- io 
Strom desselben aufgetragen wird. 

22. Verfahren nach Anspruch 20, bei welchem der 
Strahlstrom Oder jeder der mehreren StrahlstrSme 

als eine Vielzahl von getrennten Tropfchen dessel- is 
ben aufgetragen wird. 

23. Verfahren nach Anspruch 20, 21 oder 22, bei 
welchem das Bindermaterial als ein einzelner 
Strahlstrom aufgetragen wird. 20 

24. Verfahren nach Anspruch 20, 21 oder 22, bei 
welchem eine Vielzahl von StrahlstrOmen in einer 
Oder mehreren linearen Anordnungen derselben 
aufgetragen werden (Fig. 1). 25 

25. Verfahren nach einem der Anspruche 1 bis 24. bei 
welchem das Bindermaterial wenigstens teilweise 
nach dem Auftragen gehartet wird. 

30 

26. Verfahren nach Anspruch 25. bei welchem das Bind- 
ermaterial durch Einwirken von WSrmeenergie auf 
dieses gehdrtet wird. 

27. Verfahren nach Anspruch 26, bei welchem die 35 
W&rmeenergie als Infrarot- oder Mikrowellen- 
warmeenergie angewendet wird. 

28. Verfahren nach Anspruch 27. bei welchem das Bind- 
ermaterial durch chemische Reaktion gehdrtet wird. 40 

29. Verfahren nach Anspruch. 28, bei welchem die Par- 
tikel des Partikelmaterials mit einem Beschichtungs- 
material bedeckt sind und die cherrasche Reaktion 
zwischen dem Bindermaterial und dem Beschich- 4S 
tungsmaterial auftritt. 



32. Verfahren nach einem der AnsprQche 1 bis 31, bei 
welchem das Material, das entfernt wird, mittels 
Uttraschall entfernt wird. 

33. Verfahren nach einem der AnsprQche 1 bis 32 zur 
Herstellung einer Form, die Ruckeintrittsbereiche 
und einen oder mehrere Kanaie zur Zufuhr von 
Formmaterial in die Form aufweist, bei welchem das 
Bindermaterial nicht auf die Ruckeintrittsbereiche 
aufgetragen wird und nicht gebundenes Partikeima- 
terial von den Ruckeintrittsbereichen durch die 
Kanaie entfernt wird (Fig. 7, 8). . 

34. Verfahren nach Anspruch 33, bei welchem das Pul- 
vermaterial ein keramisches Pulvermaterial zur Bil- 
dung einer Keramischen Form isL 

35. Verfahren nach Anspruch 33, bei welchem die Fonm 
einen HaLptkSrpertjereich und Kembereiche 
umfaBt, wobei eine Art von weiterem Material auf- 
getragen wHd, urn den HauptkOrpert>ereich zu 
bilden und eine unt^schiedliche Art von weit^em 
Material aufgetragen wird, urn die Kernbereiche zu 
bilden. 

36. Verfahren nach einem der AnsprQche 1 bis 32, b^ 
welchem das BauteS eine Form isL 

37. System zur Herstellung eines Bauteils. umfassend: 
eine Einrichftung (13) zum Ablagem einer aus- 
gewdhlten Anzah! von aufeinanderfblgenden 
porOsen Scttchten anes Partikelmat^ials; 

eine Einrichtung (15), um zu veranlassen, daB das 
Partikelmaterial in emem oder in mehreren aus- 
gewahlten Bereichen in jeder Schicht gebunden 
wird, um das Bautei zu t)ilden; und 
eine Einrichtung zum Entfemeri des Partikelmateri- 
als, das nicht in dem einen oder den mehreren aus- 
gewdhlten Bereichen ist; 

dadurch gekennzeichnet. daB die Einrichtung (15) 
zum Veranlassen. daB das Partikelmaterial gebun- 
den wird. eine Einrichtung zum Auftragen eines 
Bindermaterials auf cfie ausgewShiten Bereiche 
jeder der atifeinanderfolgenden Schichten umfaBt. 
nachdem jede der aufeinanderlbigenden Schichten 
abgelagertwrde. ^'^^^ ~ 



30. Verfahren nach Anspruch 28. bei welchem das Par- 3a System nach Anspruch 37.„ bei welchem cfe 
tikelmaterial in einem nassen Zusland abgelagert Auftrageinrichtung fof das Bindermaterial (15) eine 
wird und die chemische Reaktion zwischen dem so Einrichtung (43) zum Auftragen des Materials als ein 
Bindemiaterial und der Russigkeit in dem nassen ; oder mehrere StraWstrOme desselben einschlieBL 
pulverfOrmigen Material auftritt. r 

39. System nalihTI^^Sf^rSTlCj^lw^^ 

31. Verfahren nach Anspruch 28. das den Schritt der eine Einrrchlung zif-weitereri Bearbeitung des 
Zufuhr eines gasfSrmigen Materials zu dem Binder- ss gebundenonT^ Matai§ls~^Jdiffd^ oder 
material enthSft. welches Bindermaterial chemisch ~ r'^^®"*" "n^'<^«F^*9^^afterilder fertiggestdl^ 
mit dem gasfSrrwgen Material rea^ert. um eirv teil- 7 " Bauteils zu TOriaeisaii^ ' 

weise gehSrtetes Bindenmaterial zu IjikJen. f . . 1 TZ^'^I^I^IISl^Ii^' 3 
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40. System nach Anspmch 39, bei welchem die Einrich- 
tung zur weiteren Bearbeitung eine Einrichtung zum . 
Erwdrmen des gebundenen Materials enthSIt, um 
weiter die Bindung des gebundenen Materials zu 
festigen. 5 

41 . System nach Anspmch 37. bei welchem die Einrich- 
tung (13) zum Ablagern von Parb'kelmaterial das 
Material als ein Pulvemnaterial in trockenem 
Zustand ablagert io 



42. System nach An^ruch 41 und weiter enthaltend 
eine Einrichtung (61) zum mechanischen RQtteIn 
des trocken abgelagerten Putvermaterials, zum 
Anwenden von akustischer Energie (63) auf das 
abgelagerte Putvermaterial Oder zum Anwenden 
einer piezoelektrischen Abstreifeinrichtung (65) auf 
das abgelagerte Putvermaterial 



43. System nach Anspruch 39, bei welchem die Einrich- 
tung (13) zum Ablagern von ParfkelmatericU das 
Material als Putvermaterial in einem flQsslgen 
Zustand ablagert 

44. System nach An^ruch 43 und weiter enthaltend 
eine Einrichtung zum wenigstens teilweisen Trod^- 
nen des Pulvermaterials vor dem Auftragen von wei- 
terem Material. 



IS 
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Auftrageinrichtung bezQglich der aufeinanderfol- 
genden Schichten von Partikelmaterial ermdglicht 

51 . System nach Anspruch 37, bei welchem die Einrich- 
tung (1 5) zum Auftragen von Bindermaterial Qber die 
aufeinanderfolgenden Schichten von Partikeln^e- 
rial in einem ausgewdhlten Muster bewegt wird. 
welche aufeinanderfolgenden Schichten. von Par- 
tikelmaterial stationer gehalten werden. 

52. SystemnachAn^ruch 37, bei welchem die Einrich- 
tung (1 5) zum Auftragen von Bindermaterial Qber die 
aufeinanderfolgenden Schidrten von Partikelmate- 
rial in einem Rasterabtastmuster (Rg. 9) bew^ 

wird. 

53. System nach An^ruch 37 und weiter errthaltend: 
eine Kammer (72); 

einen Kblben (70), der in der Kammer beweglich ist, 
wobei die Einrichtung (13) zum Ablagern die aufsn- 
anderfolgenden Schichten von Partikelmaterial 
innerhalb eines Bereiches ablagert. der durch die 
Kammer und den Kblben definiert ist; und 
eine Einrictttung zum Bewegen des Kolbms 
abwdrts in der Kammer nach der Ablagerung j^er 
aufeinanderfolgenden Schicht von Partiketmateial. 

Revendications 



o 



45. System nach Anspruch 44, bei welchem di e Einrich- 30 
tung zum Trocknen eine Einrichtung zum Anwenden 
von Infrarot- oder Warmluftwarme auf die abge- 
lagerte Schicht von Putvermaterial oder zum 
Anwenden von Mikrowellen auf die abgdagerte 
Schicht von Puivermaterial enthait 3S 

46. System nach einem der Anspruche 37 bis 45 und ' 
weiter enthaltend eine Einrichtung zum wenigstens 
teilweisen Hdrten des Bindermaterials. 



47. System nach Anspruch 46, bei welchem die Einrich- 
tung zum IHarten eine Einrichturig zum Anwenden 
von Wdrmeenergie auf das Bindermaterial enttidlt 

48. System nach einem der Anspruche 37 bis 47, bei 
'welchem die Enrichtung (43. 43A) zum Auftragen 

.. . _von Bindermaterial zwei verschiedene Arten von 
Bindermaterialien auf verschiedene Bereiche der 
jSchichten von Partikelmaterial auftrSgt. 

-i49.lSystem nach Anspruch 37. bei welchem die Einrich- 
tung (15) zum Auftragen von Bindermaterial das 
\ w^Mate rial'urrter Verwendung einer kontinuieriichen 



-7^trahleinrichtung oder einer Strahleinrichtung nach 
;^demTropfen-nach-Bedarf-Prinzipvenfvendet. 




SlLr'^ystem liach Anspruch 37, bei welchem die Einrich- 
S^gpCI 5)tzum Auftragen von Bindermaterial so 
^fejeordngt ist, daS sje eine Relativbewegung der 



40 



45 



so 
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1 . ProcM6 pour fabriquer un composant, comprenant 
les stapes consistant ^ : 

a) d^poser une couche d*une mati^re particu- 
laire dans une region confin6e (f^ure 2(A)) ; 

b) determiner la liaison de ladite couche de n^- 
idre particulaire dans une ou piusieurs r^ions 
choisies (figure 2(B)) ; 

c) r6p§ter les §tapes a) et b) un nombre de fc»5 
choisi pour produire un nombre choisi de 
couches successrves (figure 2(C) et (D)) ; et , 

d) ^iminer la mati^re psuticulaire qui ne se 
trouve pas dans ladite ou lesdites r6gior^s) 
choisie(s) pour fburnir ie composant (figure 
2(E)) ; 

caract6ris6 en ce qu'on applique une malice 
. liante k des regions choisies d'une couche poreuse 
de mati^re particulaire et en ce que Ie liant 11 e la nr^- 
i^re particulaire dans lesdites regions choisies et 
determine la liaison des couches successives les 
unes aux autres. . . - . 

2.. Proc§d6 s^on la revendication 1, dans lequel'le 
. d^dt de matidre particulaire a d^pos^ deux typ^ 
diff brents ou plus de mati^re particulaire dans cfif- 
f ^rentes regions du composant fornn§. t; — t , 

3. Proc6d6 selon la revendication 1 ou 2, dans iequel 
ladite . mati^e . particulaire est une^^ r*^^^^*?: 
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c^ramique, m^talliqueouplastique. etladitemati^re 
liante est une mati^re inorganique. une mati^re 
organique ou une maii^re m^tallique. 

4. Proc§d§ selon la res^endication 1 ou 3, dans lequel. s 
ladite mature particulaire est une mati^re 
c^ramique et ladite mati^re liante est une suspen- 
sion colloTdale de particuies c^ramiques. 

5. Proc§d6 selon la re\^endication 1 ou 2, dans lequel io 
ladite matiere particulaire est une poudre c6ramique 

ou une. fibre c^ramique et ladite matt^re liante est 
une matiere c^ramique inorganique, une matiere 
pr^curseur de c^ranvque organique, bu une matiere 
m§tallique. is 

6. . Prqc^^ selon la revendloation 1 ou 2, dans leque! 
ladrte nnati^re particulaire est une poudre m§tallique 
et ladite mati^e liante est une matiere mStallique ou 
une matiere c§ramique. .20 

7. Proc^6 selon la re^endication 1 ou 2, dans lequel 
ladrte nnati§re particulaire est une matiere plastique 
et ladite matiere liante est un soivant pour la matiere 
plastique. 2s 

8. Proc6d§ selon Tune quelconque des revendications 
1 & 7, conprenant I'etape de traitement additionnel 
de ladite mati^e iiee par chauffage ou durcissement 
pour am6liorer les propri§t6s du composant f ini. 

9. Proced§ selon la revendication 8. dans lequet ledit 
trajtement adcfitionnel comprend r6tape consistant 
k chauffer ledit nombre choisi de couches succes- 
sivesde matiere Iiee pour renforcer davantage la liai- 
son desdites couches successives de matidre li^e. 

1 0- Proc6d6 selon Tune quelconque des revendications 
1^9, dans lequel ladite matl§re particulaire est 
~ d§pcs(§e ^ r§lat sea 40 

11. Proc§d§ selon la revendication 1 0 et comprenant en 
outre r^tape consistant k faire v&)rer la matiere par- 
ticulaire sdche pour tasser ladite matiere au fur et ^ 

mesure que lesdites couches de cette matiere sont 45 

d^c^§es (figures 3*5)1 

.12. Procikl6 selon la revendication 1 1 . dans lequel ledit 
vtorage est eDc6cut§ par un vibrage m6canique de 

- — ladite mati^e particulaire d6pos6e (figure 3). ou en so 

— appliquant une^nergie acoustique k ladite matiere. 
particulaire d^os6e figure 4) ou en faisant agir un 

IZIZcii^lpsitif jadf^^ sur ladite. matiere 

^ ^ particulaire d^os6e (Figure 5). . 

71 3. Proc6d4selon:rune quelcorvaue des revendications 
1 j^j^^d an^^uel lacBte mali^re particulaire est 

~ ^d6pc^<§ejda^|l^^ liquide et comprend en 

S^^i^-JJX^^^^JJgnl^ s6dier aumoins parti elieT/ 




ment la matiere particulaire avant d'apporter la mat- 
iere liante. 

14. Proc6d§ selon la revendication 13, dans lequel ledit 
s^chage au moins partial est ex6cut§ en appliquant 
de la chaleur par rayons infrarouges ou par air chaud 
k ladite couche d^pos^e de mati^e particulaire ou 
en faisant agir des micro-ondes sur ladite couche 
d6pos§e de matiere particulaire. 

15. Proced§ selon Tune quelconque des revendications 
10^14, dans lequel la porosity dudit composant est 
d^tennin^e en fbnction de la density de tassement 
de ladite mati^e particulaire. 

1 6. Proc§d6 selon i'une quelconque des revendications 



■ * •tau W»t Ofdf^XSt «,9C7 



sous la forme d*un liquide. 

1 7. Proced§ selon la revendication 1 6, dans lequel ledit 
liquide est une solution aqueuse ou une suspension 
colloTdale. 

18. Proced§ selon la revendication 17, dans lequel ledit 
liquide comprend des particuies de liant entrain^ 
dans un liquide porteur. 



1 9. Proc^§ selon Tune quelconque des revendications 
1^18, dans lequel ladite matiere liante comprend 
30 au moins deux mati^res liantes diff^rentes, lesdites 
deux mati^res liantes drff^rentes §tant appliqu^es k 
au moins deux regions choisies diff^rentes de ladite 
mati^e particulaire (figure 2(B)). 

35 20. Proc^6 selon I'une quelconque des revendications 
1^19, dans lequel ladite matiere liante est appli- 
qu§e sous la forme d*un ou plusieurs cburants pro- 
jet^s de celle-d. 

21 . Proced§ selon la revendication 20, dans lequel cha- 
cun desdits un ou plusieurs courant(s) projet§(s) de 
mati§re liante est appliqu§ sous la forme d*un oour- 
ant projet§ continu de celle-ci. 

22. Proc§d§ selon la revendication 20. ou chacun 
desdits un ou plusieurs courant(s) projet§(s) est 
appliqud sous la forme d'une plurality de gout- 
telettes distinctes de celui-ci. . 

23. Proc§d§ selon les revendications 20, 21 ou 22, dans 
lequel ladite matiere liante est appliqu§e sous la 
forme cTun unique courant projet§. 

24. Proc§d§ selon les revendications 20. 21 ou 22, dans 
55 lequel une pluraliti de courants projet^s sont appli- 
ques en un ou plusieurs groupe(s) iin§aire(s) de tels 
couiantsprojetes (figure 1). -~ " 'r ! 
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25. Proc6d§ selon Tune des revendications 1 k 24. dans 
lequel ladite mati^re liante est au moins partielle- 
ment durcie apr^ avoir 6t6 appliqu^e. 

26. Proc6d6 selon la revendication 25, dans lequel s 
ladrte mafi&re liante est durcie par eipplication 
d'6nergie thermique k cette matidre. 

27. Proc6d6 selon la revendication 26. dans lequel 
ladite ^nergie thermique est appliqu6e sous la forme io 
d*6nergie thenmique infrarouge ou k micro-ondes. 

28. ProcM6 selon la revendication 27. dans lequel 
ladite mati&re liante est durcie par une reaction 
chimique. is 

29. Proc§d6 selon la revendication 28. dans lequel les 
parlicul^ de ladite mati§re particulaire sont reoou- 
vertes d*une matidre de rev§tement et ladite reaction 
chimique se produit entre ladite mat'^e liante et 20 
ladite mati^re de rev§tement. 

30. Proc^6 selon la revendication 28. dans lequel 
ladite mati§re particulaire est d6pos§e^ I'^tat 
humide et ladite reaction chimique se produit entre 2s 
ladite mati^e fiante et le liquide contenu dans ladite 
mati§re en poudre humide. 

31. Proc^6 selon la revendication 28, oomprenant 
r^tape consistant ^ acheminer une mati§re gazeuse 30 
k ladite mali^re liante, iadite mati^re liante ri^agis- 
sant chim'quemertt avec ladite mati^re gazeuse 
pour former une mati^re liante partiellement durcie. 

32. Proc§d§ selon Tune quelconque des revendications 3S 
1 ^ 31, dans lequel ladite mati^re qui est 61imin§e 

est §limin(§e par ultrasons. 

33. Proc6d6 selon Tune quelconque des revendications 

1 k 32, destine k la febrication d'un moule ayant des 40 
r^ions rentrantes et un ou plusieurs passages des- 
tines k I'admission d*une mati^re k mouler dans ledit 
moule. dans lequel ladite mati^re liante n'est pas 
appliqui§e auxdites r^ions rentrantes et la mati^re 
particulaire non li6e est 61imin^ desdites regions 45 
rentrantes en passant pal* lesdits passages (figures r 
7.8). . _ 



34. Proc§d6 selon la revendication 33, dans lequel^ 
ladite mati^e en poudre est une mati^re en poudre-- so 
c^ramique destin6e^ former un moule c6ramique.ll^ _ - 



36. Proc§d6 selon Tune quelconque des revendications 
1 ^ 32. dans lequel ledit composant est un moule. 

37. Syst^e pour produire un composiant corrprenant : 

des moyens (1 3) destines k d^oser uri nom- 
bre choisi de couches poreuses successives d*une 
mati^re particulaire ; 

des moyens (15) destines k causer la liaison 
de la nrati^re particulaire dans une ou plusieurs 
. regions choisies dans chaque couche pour former 
ledit composant ; et 

des moyens destine k ^iminer la n^tidre 
particulaire qu ne se trouve pas dans ladite ou les- 
dites plusieurs regions choisies ; 

caract6rts6 en ce que les rrK>yens (15) des- 
tines k causer la liaison de la mati^re particulaire 
compreament des moyens destines k appliquer une 
matidre liante auxdites regions choisies de chaque 
couche successive £ipr^ que chaque couche suc- 
cessive a ete d^pos^e. 

38. Systdme selon la revendication 37, dans l&quelles- 
dites ntoyens (15) d*a|:plication de matiere liante 
comprennent des moyeris (43) destines k appliquer 
ladite nrati^re sous la forme d'un ou plusieurs cour- 
ant(s) p7Djet6(s) de celle-ci. 

39. Syst^e selon la revendication 37 et comprenant en 
outre d^ moyens destines k appliquer un traitement 
additionariel en chauffant ou en durdssant lacfite mat- 
i^re Wke pour am6liorer les propri§tes du composant 
fini. 

40. Systems selon la revendication 39, dans l&fuel les- 
dits moyens d^n^s k appliquer un traitement addi- 
tionnel corrprennent des moyens destines k 
chauff^- ladite matiere liee pour renforcer davantage 
la liaison de ladite matiere liee. 

41. Systems selon la revendication 37. dans lequel les- 
dits moyens (13) de depdt de la matiere particuiaire 
deposent ladite matiere sous la forme d'une poudre 
k retat sec. 

42. Systeme selon la revendication 41 et comprenant en 
outre des moy&is (61) destines k faire ynbr& meca- 

, . ^ hiquement ladite matiere en poudre deposee seche. 
k applcquer une energie acoustique (63) e ladite 
matiere en poudre deposee ou k faire agir un dis- 
positif racleur piezoeiectrique (65) sur ladite nrmtiere 

en poudre deposee. 



.35. Procede selqnia revendication 33;:dansr^ 

moule comprend une region de corps prindpal et_^. / . 
,: , : ; des regions de hoyaux, un.typede matiere'addition^^^ 55 

- - nelle 'etant applique pour formerjladiterregionide^ 

corps pririqpal et un type di^^^ 



tionnelle etaiit appliqiie pourfornier lesditl^^^ 



.;43:"Syst^e selon la revendication 39. dans lequel les- 
dits moyens (13) de depdt de la matiere particulaire 
V . deposent ladite matiere sous la fbrme d*une nrtatiere 
.: r;; en poudre dans un etat Gquide. 

744. -Systeme selon la reverKlicatibn 43 et comprenant en 
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tiellemQnt la mati^re en poudre avant d'appliquer 
une nouvelle quantity de mati&re. ' 

45. Systdme selon ia revendication 44, dans lequel les- 
d'rts moyens de sdchage comprennent des moyens 
destines k appliquer de la chaleur par rayons Infra- 
rouges ou par air chaud k ladite couche d^pos^e de 
mati§re en poudre, ou k appliquer des micro-ondes 
sur ladite couche d6pos6e de mati^re en poudre. 

46. Syst^me selon Tune quelconque des revendicatlons 
37 k 45. et connprenant en outre des moyens des- 
tines k durdr au mdns partiellement ladite matidre 
lianta 

47. Syst^e selon ia revendication 46, dans lequel les- 
dits moyens de dufGissement comprennent des 
moyens destines ^ appliquer de T^nergie thermique 
k lacfite mati^re liante. 

48. Syst^me selon Tune quelconque des revendications 
37 a 47, dans lequel lesdits moyens (43, 43A) 
d'application de mati^re liante apportent deux types 
diff^rents de matidres liantes k differentes regions 
desdites couches de mab'^res particulaire. 

49. Syst^me selon la revendication 37, dans lequel les- 
dits moyens (15) d'application de mati^re liante 
appliquent ladite mati^re en utilisant des moyens k 
jet continu ou des moyens ^ jet ^ gouttes k la 
demande. 



des nxjyens destines ^ fai re descerxire le pis'- 
ton dans ladite chambre aprds le d^pdt de chaque 
couche successive de matidre particulaire. 
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50. Syst§me selon la revendication 37, dans lequel les- 
dits moyens (1 5) d'application de mati^re liante sont 
agencte pour determiner un d^lacement relatif 
desdits moyens d'application par rapport auxdites 
couches successives de mati§ire particulaire. 



35 



51 . Systdme selon la revendication 37, dans lequel les- 
dits moyens (15) d'application de mati^re liante se 40 
d^placent au-dessus desdites couches successives 
de mata'^re particulaire selon un circuit choisi, les- 
dites couches successives de mati^re particulaire 
6tant maintenues immobiles. 

45 

52- Syst^me selon la revendication 37, dans lequel les- ~ 

dits moyens (1^ d'application de la mati^re liante 

se deplacent au-dessus desdites couches succes- 
sives de mati^re particulaire en suivant un circuit de 

balayage k trame (figure 9). - . - - ^- so 



53. Syst^me selon ia revendication 37 et corrprenant en > 
outre: _ 1 IZZZI^ZZ^ 

une chanrijre (72) ; - - - - 

un piston (70) qui^peut se d^placer dans^ 
ladite chambre;^ lesdits 7moyens de d6p6t7: (13^ 
d§posant lesdites coijches'successives de niati^re 



55: 



particulaire daris une region d§finie parJa chambre- 
et le piston J et^ S ~ ' ^"7TT7 ^f-. 
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FIG.5 
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FIG. 12 
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